GC-MS analyses of the volatile constituents obtained by solid phase microextraction (SPME) of two Gynura species, i.e. G. divaricata and G. bicolor, collected from Nanjing and Nanping areas in the east of China, enabled the identification of more than 50 different components. Generally, a higher contents of sesquiterpene compounds such as β-caryophyllene, α-caryophyllene and α-copaene were found in G. bicolor than in G. divaricata, regardless of their origin. Qualitatively, the detected major volatiles of G. bicolor and G. divaricata originating from Nanjing were the same, i.e. β-caryophyllene, α-caryophyllene, α-copaene, α-pinene and β-pinene. The volatile profile of a third species, G. medica, also originating from Nanjing was different with sesquiterpenes γ-cadinene, β-caryophyllene, elixene and monoterpene limonene as the major components. The volatile profiles of G. bicolor and G. divaricata originating from Nanping were more diverse. For both species β-caryophyllene, α-copaene and limonene were the major volatiles, but G. bicolor also produced α-caryophyllene and carvone as major constituents, whereas for G. divariata o-cymene was detected. Overall, these results indicate that the biosynthesis of volatiles by Gynura species is not only species related, but is also possibly influenced by the local environmental conditions of growth.
The genus Gynura belongs to the family Asteraceae, comprising approximately 40 species mainly distributed in Asia, Africa and Australia, of which 10 species were recorded in the south of China [1] . Besides those species, Gynura medica is a newly found plant named by Yang and Wu [2] . Many Gynura species are edible plants native to Asia, aerial parts are consumed in traditional dishes [3, 4] . Besides, some of them have been used heavily as traditional Chinese medicines in the treatment of hemostasis [5, 6] , hypertension [7] , and diabetes mellitus [8] . In our investigation of natural medicines used in the traditional Chinese medical system for treatment of diabetes [9, 10] , a tea made from the fresh leaves of G. bicolor and/or G. divaricata was found to have excellent antihyperglycemia effects. G. bicolor also produces a pleasant flavor, associated with slightly green and earthy aromas [11] .
To our knowledge, three studies investigated the volatile constituents from Gynura species, i.e. G. cusimbua [12] and G. bicolor [3, 11] . Shimizu analyzed and compared the volatiles from extracts of leaves of field-grown plants and shoot cultures of G. bicolor using solvent-assisted flavour evaporation (SAFE) coupled with gas chromatography-mass spectrometry (GC-MS) identification [11] .
Essential oils are volatile secondary metabolites produced by aromatic plants and play an important role in the protection and life cycle of plants [13] . Due to their interesting biological effects, they play an important role in traditional pharmacopoeia. The chemical composition of essential oils is determined by local environmental factors influencing plant growth [13] . The extraction techniques of essential oils are variable and under continuous development and can have an influence on the chemical composition which is typically determined by GC-MS analyses. As a solvent-free sampling technique for the determination of volatiles in plant essential oils, solid phase microextraction (SPME) has several advantages, compared with other extraction techniques such as traditional steam distillation-solvent extraction, such as high sensitivity and a small sample volume for rapid analysis of volatiles [14] [15] [16] . When volatile profiles resulting from SPME techniques are compared with profiles obtained in essential oil research through conventional distillation techniques, it has to be taken into account that the profile acquired using an SPME fiber is influenced by several extraction parameters such as the type of fiber (different partition coefficients), time and temperature [16] . Nevertheless, the advantage of the need of a relative small sample volume makes SPME more useful facing plants with limited availability, specifically the wild types. Therefore, for the first time, the volatiles from fresh leaves of Gynura divaricata and G. bicolor were studied using a SPME method coupled with GC-MS. The present work reports the volatile compounds of G. divaricata, G. bicolor collected from two different origins, Nanjing and Nanping in the east of China. An analysis of the volatiles from leaves of Gynura medica was also performed. These three plants have all been reported as hypoglycemic potential for the treatment of diabetes in bioassay test [10, [17] [18] .
Via headspace SPME/GC-MS analysis, a total of 55 different components were identified from fresh leaves of different Gynura species which were air dried. The constituents were identified by comparison of the mass spectrum with those of the computer mass library NIST 05 and/or calculated retention indexes (RI) with those reported in the literature (listed in Table 1 ). For G. bicolor, 47 and 33 compounds were identified from the species originating from Nanping and Nanjing, respectively. The main volatile constituents of G. bicolor from Nanping were β-caryophyllene (203×10 6 , α-pinene (72×10 6 ), α-copaene (52×10 6 ), α-caryophyllene (50×10 6 ) and β-pinene (10×10 6 ) were the main monoterpenes or sesquiterpenes present in G. bicolor from Nanjing.
The detected major volatiles in G. divaricata from Nanjing were qualitatively the same as for G. bicolor from Nanjing, but in smaller amounts. The volatile profiles of G. divaricata and G. bicolor from Nanping were more diverse. Instead of carvone and α-caryophyllene for G. bicolor, o-cymene was detected in G. divaricata, besides β-caryophyllene, limone and α-copaene.
In addition, for the first time, the volatiles of the fresh, air dried, leaves of G. medica collected from Nanjing were also identified via SPME/GC-MS, with γ-cadinene (81×10 6 ), β-caryophyllene (39×10 6 ), elixene (21×10 6 ) and monoterpene limonene (20×10 6 ) as the major components. The volatile profile of this third Gynura species is clearly different from that of G. bicolor and G. divaricata from the same origin. Overall, these results indicate that the volatile profile of Gynura species is not only species related, but is also Volatile profiles of Gynura bicolor, G. divaricata and G. medica Natural Product Communications Vol. 7 (5) 2012 657 influenced by the local environmental growth conditions. Since many studies proved the anti-hyperglycemic effects of volatiles from plants [21, 22] , the further biotesting of total volatile extracts from Gynura species for anti-diabetes activity will be of significant interest. Fresh leaves of Gynura species were air dried and then ground to a powder, weighted and subjected to headspace sampling.
Experimental
Headspace sampling: The volatile metabolites from 2.0 g of dry leaf powder of the plant were extracted by headspace SPME during 30 min at 40C with a 50/30 µm DVB/Car/PDMS fiber (Supelco, Bornem, Belgium) and desorbed for 2 min at 250C. SPME extraction and desorption were performed automatically by means of a Multipurpose Sampler (MPS-2, Gerstel) [15] . The sample extractions were conducted in triplicate.
Analysis of the headspace extracts by GC-MS:
GC-MS analyses of the SPME extracts were performed with an Agilent 6890 GC Plus coupled to a quadrupole mass spectrometer 5973 MSD (Agilent Technologies, Diegem, Belgium), and equipped with a DB-5 capillary column (30 m length × 0.25 mm id; 0.25 µm film thickness). Working conditions were: injector temperature 250C, transfer line to MSD 260C, carrier gas (He) 1 ml min -1 ; SPME desorption in a CIS-4 PTV injector (Gerstel) in split mode (10 : 1); ionisation: EI 70 eV; acquisition parameters: scanned m/z: 40-200 (2-15 min), 40-300 (15-20 min), 40-350 (> 20 min); oven temperature starts at 60C, programmed from 60C to 160C at 3C min -1 , from 160C to 250C at 10C min -1 , hold 2 min. Retention indices were calculated using co-chromatographed standard hydrocarbons. The individual compounds were identified by comparing their retention indices, relative to C6-C18 n-alkanes, with literature values and by comparing their mass spectra and retention times with those of authentic samples or with data already available in the NIST 05 library and the literature.
